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NOTES ON T H E  INSECT PARASITES OF T H E  SPRUCE BUDWORM' 
C H O R I S T O N E U R A  F U M I F E R A N A  (CLEM.) IN  BRITISH COLUMBIA. 

b l: 
4 .  WJLKESZ, H .  C. COPPELB, AND W. G. AXATHERS.? 

Running title - Wilkes, Coppel, Marhers - Parasite3 oE Spruce Rudworm. 

IN'I 'IIOI~UCTION 

The  spruce budworm, Choristoneura (Archips) fumiferana (Clem.) (Tor- 
tricidae) has lo11g I ~ ~ P I I  C I I I I S ~ ~ C ' T C C I  r ) n C  tile mcjst injurious forest insect pests 
in Canada. .\ gcrtcral acmuut o f  jwsl ou~Irrc;iks and an outline of its biology ant1 
habits are g i ~  r.11 111. SI\.;I~IIC :unrl (:r:~i~lit::rtl (l!jL'.k) . At the time these st~ldies wcrc 
made investigatiot~s w c t ~  ; ~ l . ; r )  i~nrtc.rtak.c.n 11y -J. D. To~li i l l  and A. B. Baird on 
the parasites and other natural control factors of the spruce budworm, but al- 
though a good deal of work was done, brief reference to which is made by Hewitt 
(191 1, 1912, 15i3) , very little has been published. 

During the present outbreak, interest in this work has been revived and 
;!r 1)a1'? of t11c ~e11rr i11 c-nr~t~rrl IlrtrF;lrnllle of studies an altenipt has been mittle 
h v  tllc Ilnlni 11 ion I'nr:~.;it.r Lrl l)or;~ (8)ry. in co-operation with the Forest 1nst:cts 
l-lr~it, to t*~i;~llli<li in E;la~rrn (:;marla ~lal.;~sites found by Tothill (1923) and Bairtl 
10 Ilc I ) N T P I I ~  111111; in r . t ' r t ;~i~~ ;II.P;IS oi Eri~ish Columbia. During the course of this 
rrorl; I;~rjir: c:chlcrtions ol I)r~rla.ornl Iinvc been made and reared for the recovery 
of parasites. A report on the progress of the work and the number of parasites 
released in Eastern Canada to 1946 has been given by Wilkes (1946). I n  addi- 
tion to the parasite species sclected for liberation many others were reared from 
the collections. Over 45 species have been reared, marly of which have not previ- 
ously been recorded as parasites of this host. 

Since the inception of the present study a great deal of data has accumti- 
latcd on the general parasite complex of C. fumiferana and although the work is 
being continued, it is considered advisable to put on record some of the findings 
111;1cle to cI:~tt-. T l ~ i s  I);EI)(~I. is. tlit'rc'fo~.~. a summary of the preliminary aspects of 
t I I P  ~ r c v k  ;11111 i\; 11re\(.tltt'11 I ; ; I I . ~ C ! ?  12'i t I n  ;1 view to bringing together all previously 
1111 i l l  islicrl rrc-01-t Is ol insct I ~ I : I  r;tcirrr; :I r r  ;ickirig this specir:~ in North America and 
I{) atltl rr.c.rlrtIs 0 1  olhw ~~;u-:lsi I r . 5  reiu.c.cI from collections rnade during the present 
inv(>slifi;~r ion. T;L~I.III(T h i t ~ t l i ~ ~  of 1 1 1 ~  1)ioIogy of the more important parasites wit11 
l~articular reference to alternate hos~s ant1 the in ter-relations of some of the spc- 
cies among the large parasite complex found altacking C. furnifernna are bein? 
continued with considerable in~erest. 

I n  carrying out the work involved in this study a great deal of credit is 
due to a number of individuals and organizations without whose help its success 
would riot have beer1 possible. We should like to express our gratitude par~icu- 
larly to Dr. C. D. Orchard, Deputy Minister of the British Columbia Department 
of J'orests, and to his officers at Kamloops, Lytton and Lillooet, B.C.; also to the 
British Columbia Security C:omrnission for their active help in connection with 
the field studies. We are also grateful for the taxor~omic assistance giver1 by 
Messrs. Walley, Peck and Brooks of the Systematic Unit at Ottawa. 

PREVIOUS RECORDS OF PARASITES REARED FROM C. F U M I F E R A N A  

Extensive insect parasitism of C. funziferana has been noted by a number 
of observers in Canada and the United States. From an examination of the lit- 
erature 44 species have been recorded. These records, however, give little precise 
information as to the irr~porta~lce of many of the species or of the interrelation- 
ships of the parasites. I n  the case of many of them the exactness of the records 

(I) Contribution No. 2554, Division of Ent'omology, Science Service, Department of 
Agriculture, Ottawa, Ontario. 

(a)  Dominion Parasite Laboratoty, Belleville, Ontario. 
(s) Forest Insects I,abo~atory, Vernon, B.C. 
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is somcwhat questionable and in niosl cases thcir rBle as control factors is mi- 
known. OI' I.!IP l 1 I.CI:(,~C!C.~! r,arasi~c'h i ~ t k t  \. :; l wl:re referred to by species, the rc- 
mainder wi31-r cletr:r,~iir~c(l r~rlly 1 1 )  r I I C  gr-nil+. In  only one of all the species 
recorded tvnc; rclc.~~c~irc n1;lcIr to I l r t . i r .  u t : ~ ~ i t s  ;I- priniary or secondary parasites 
of this Ilrlct. .-I l ii;t ili' +~)(.cic" prcv i f 1 1  !.;I 1. ~'r.c.cbl'tlr -d as parasites o f  C. fumifera~lcl 
is given below vvvitkl thc authority and reference citation in brackets. I n  listing 
the Ichneumonidae the nornenclaturc and arrangement of the Townes' cata- 
logue (1944) has l~ecn followed throughout. 

HYMENOPTERA 

Irhneui~lonidac. 

Icl~rleurnoninae: 
Coccygomimus Fedalis (Cress.) , [Forbush and Fernald, 1896; Fiske, 

1903; Cushrnan, 1920a; Wilkes and Anderson, 19471, Ephialtes of 
Cushman. 

"Coccygomimus sanguineipes (Cress.) . LBedard, 19581, Ephialtes of 
Bedard, (vide Townes, 1944) . 

Ephialtes o n t a ~ i o  (Cress.), [Johannsen, 1913; Cushman, 1920a; 
Johnson, 1927; Brown, 1941; Coppel, 1947; Wilkes and Anderson, 
19471, Pimpla of Johannsen, Apechthis  o f  Brown, Cushman and 
lohnson, (v ide  Townes, 1944) . 

"Iseropus coelebs (Walsh) , 1 Johnson, 192'71. 
"Ztoplectis u t~ocoxal i s  (Cress.) , 1 Bedard, 19381. 
Itoplectis c o n q ~ ~ i s i t o r  (Say) , [ Johannsen, 19 13; Cushman, 1920a; 

Twinn, 1938; Brown, 1941; Wilkes and Anderson, 19471, Ephia1te.y 
of Cushman and 'I'winn, Pimola of Tohannsen, (vide Townes, 
1944) . 

Ilofilectis obeszls Cush., [Cushrrlan, 1920a; Tothill, 1923; Mathers, 
1932; Coppel, 19471, Ephir~ltes  oi  Cushrnan and Mathers, (uidr 
To~vnes, 1944) , Itofilectis sp. of Tothill. 

"Ztoplectis quadricingz~latz~s (Prov.) , [Bedard, 19381. Referred to by 
Bedard as I .  esuchus and synonymized with I .  quadricingulatus by 
Townes (1944) . 

".St arnhus atrocoxalis (Ashm.) , r Betlard, 19581, E{?~I IT%IF  o ~ T o ( . o x ~ L ~ ~ ~  
of Bedard, (vide ?'c;wnes, '1 944) . 

Sc,arnDu.s Ilisjme (Harr.) , [Vicrcck, 191 2; Hc~vitt ,  191 3; Nlatliers, 1932; 
Coppcl, 1947; Wilkes and Anderson, 19471, Epiurus innominatus 
Vier. of Hewitt and DAathers, (v ide  Townes 1944), S .  indagator of 
Willtes and Andcrson. 

"Scambus probably alboricta (Cress.), [Wilkes and Anderson; 19471. 
*Scambus sp., [Wilkes and Anderson, 19471. 

Theronia  atalantae (Poda) , [Cushman, 1920b], T. fulve.~cen.~ ftilve- 
scens (Cress.) ol Cushman (uidc Towces, 1944). 

T'ryphoninae: 
Phytodietus f z~mi feranae  Rohw., [Rohwer, 192'2; Tothill, 1923; Ma- 

thers, 1932; Wilkes, 1945; Coppel, 1947: Wilkcs and Anderson, 
19471, Phytodietus sp. of Tothill. 

tes of Cushman. 

Cryptinae: 
Gelis terzell~rs (Say), [IYilkes and Anderson, 1!)47]. 

Phaeogeninae: 
Phaeogenes iluriolus (Cress.), [Viereck, 1912: Hewilt, 1913; Tothill, 

1923; Bedard, 1938; Brown, 1941; Lambert, 1942; Coppel, 1947: 
Wilkes and Anderson, 19471, Nerfie.~tornu.v of  Bedard, Phygadeuon 
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f'lesiu.~ Vier. oE Hewitt and Pllygadruon sp. ol Tothill, elide 
Townes, 1944) . 

Lissonotinae: 
Glypta Izlrniferarlae (Vier.) , [Viereck, 191 2; Hewilt, 1913; Tothill, 

1923; Bedard, 1338; Brown, I941 and 1946b; Mills, 1942; Coppel, 
1947; Wilkes and Anderson, 19471; Conohln.~ta of Hewitt, Glypta 
sp. of T'othill, (v ide  Townes, 1944). ' 

"Pimplopterus sp., [Wilkes and Anderson, 19471. 
Ophioninae: 

"Horogenes sp., [Coppel, 19471. 
Mesochorinae: 

" M e s o c l i o t ~ ~ ~ s  di-c~el-sic,olor (Vier) ., [Viercck, 191 2; Hewitt, 19131. 
Braconidae: 

Apanteles funziferanae (Vier) ., [Hewitt, 1912 and 191 3; Gibson, 191 2; 
Viereck, 1912; Johannsen, 191 3; Treherne, 1915; Muesebeck, 1920; 
Tothill, 1923; Brown, 1946a; Coppel, 1947; Wilkes and Anderson, 
19471, Apanteles sp. of Johannsen and Tothill. 

"Ascogaster sp., [Brown, 1941 1.  
Bracon probably politi-i~entris (Cush.) , [Wilkes and Anderson, 19471. 

"Bracon sp., [Coppel, 19471. 
1l.leteorus traclrynot~ls Vier., [Viereck, 1912; Tothill, 1923; Muesebeck, 

1923; Brown, 1941; Wilkes and Anderson, 19471, Meteorus "1. of 
Tothill. 

"Microgaster sp., [Mills, 1942; Wilkes and Anderson, 19471. 
"R3gas sp., [Wilkes and Anderson, 19471. 

Chalcididae. 
Pteromalinae: 

Amblymerus  ~jerditer (Nort.), .[Gibson, 1910; Hewitt, 1911; Trc- 
herne, 1915; Tothill, 1923; Brown, 1941; Coppel, 19471, Nnsonia 
tortricis Brues of Gibson, Hewitt and Treherne, Nasonia sp. of 
Tothill. 

*Amblymerus  sp., [Brown, 19411. 
"Hypopteromalus  sp., [Brown, 1941 1. 

Encyrtinae: 
"Copidos~oma sp.. [Wilkes and Anderson, 19471. 
*Enryrtinae. [llrilkes and Anderson, 19471. 

Eulophinae: 
"Eulophus  sp., [Brown, 1941 1.  

Trichogramminae: 
Trichogramma m i n u t u m  Rly., [Hewitt, 1912 and 1913; Tothill, 
1923; Treherne, 1915; Bedard, 1938; Wilkes and Anderson, 194'71, 
Pentarthron of Hewitt and Treherne, (uide Girault, 1911). 

IIIPTERA: 
Sarcophagidae. 

Pseudosarcophaga affinis (Fall.), [Wilkes, 1946; Coppel, 19471. 
Snrcophaga sp., [Brown, 1941 1. 

Tachinidae. 
,,f / ) l ~ ~ ~ ~ t ~ ~ ~  r r ~ . v t r  (:\ltl.) , [T(.)tl~ill, 191  .?: Rro~vi i ,  194 I ; l,17il LC< a t ~ l  :\TI. 

dt:r.won. I f?4 7 1 , f i ~ x ~ ~ v i . c f / ~  i , qn ' /~ i~ l / ) i .~  -1-11s. 01' T{->~ l~ i l  I ,  Zenil l i f~ ,moe.co~, 
O C  f3rorvi I .  (:*idt, Sel le1.s. 1 9-4 Y j . 

Ct8rf - ) i~~n.v iq  ~ I ~ I I - ~ ~ . ~ I I / ~ / ~ I / / I  '1'11s.. [ ' I  ' 0 1  [[ill+ I 13: !\,7illics. 1!24fi; Ciyy)eI, 
i O , l i ]  . A 1  trsit r ~ r  r~lri ln Jlr,ig, 01 -l-othill (ilicle Rronks, 19:I.i) . 

~ ~ ~ t ~ ~ ~ ~ r ~ ~ t l t ~ l t ~ t ~ ~ ~ ~ ~ ~  ~ t l / f ' ~ " ~ / t / l ~ ~ l  (C11rr.) , [ I~I -OWII ,  19-1 I ,4(-t i(!, 01- 
RI-owl I ,  (ilirlr 'I*o~++i~ur~b(l. I!),l IT) . 

I,?ll,J~rr . r ~ l i / r r r . r r * . r  ( i l ' e s ~ . )  , [ B r o ~ ~ ~ n .  1 !I1 I : 151-onks. l!?~C.',: (:trpy~cl. 1 !) 17; 
I i t  I I .  I I 1 , I I I T o  (ilirlr 
Rrmks, 111 15) . 
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h'emorilla pysle (Wlk.), [Tothil!, 1913; Bedard, 1938; Brown, 
19411, N. flo?.alis (Fall.) of Bedard, N. rnaculosa Mg. of Brown 
a n l  Exorista ;byste of Tothill. 

Omotomn f~rmtfr*rrr~rtrt, (Tot.) ,  [Hewitt, 1913; Tothill, 1912, 1913 
and k91:3; R I - I ~ ~ V ~ ,  1941; Coppel,, 1947; Wilkes and Anderson, 
19471, IT-in~ltrniin t r f  Brown, Hewitt and Tothill, (vide Townsend, 
1940) . 

Phorocer.n incrussata Srnith, [Wilkes, 1946; Coppel, 19471. 
Phryxe pecosensis (Trls.), [Tothill, 1913; lohannsen, 1913: lirown, 

1941 ; Wilkes and Anderson, 19471, Zenillia vulgaris Fall. of Brown, 
Exorista ~~ulgar i s  Fall. of Tohannsen and Tothill, (vide Sellers, 
1943). 

*Species not reared from C. furniferanae in the present study. 

SI'I'E OF T H E  PKESEh T' lNVESTIGllTlONS 

In  1943, ;I ~ ~ e l i m i n a r y  survey was undertaken with tlie co-operation of 
nlernbers of the staff of the Forest Insects I,aboratory, Vernon, B.C., in an at- 
tempt to locate suitable areas for the collection of spruce budworm parasites for 
transfer to Eastern Canada. Areas covered in tlie survey includecl Vancouver 
Island and a number of points in the central part of the mainland of 
British Columbia. Although spruce budworm was not found to be espe- 
cially abundant in any ot the areas examined, In almost all the collections 
made in the wooded section of the Fraser Valley, particularly near Lillooet, 
three species of parasites were found which had not been previously recor- 
ded in the east. 

In view of  the relatively greater abundance of the bud~vorin at 1,illooet and 
the inlrr~ediately surrounding areas and the unusual accessibility of the terrain, 
the collectir~g work xvas confirled largely to this general locality, In 1943, small 
collections of budworm were made on Mt. McLean, near Lillooet, and on Mis- 
sion Mountain, near Shalalth. 

I n  1944 large-sc:ale c:)llectiotis were made, lnainly on hlt. ILlcLeau, Miss io~~ 
Mountain and on 1.he rnountain range ncar NcGillivray Falls. During tllc 
summer of 1945, large-scale collections wcre rnatle only on McLean and Mission 
hlountains, in 1946 or1 hlt. hilcLean and at Texas Creek and in 1947 at Mt. 
SlcL,cnn, 1'c.xas C;~c.c:l; ;tnd Fountain I.'~~llc.v. ' I ' l i t ~  Ia~cntiori of the collectirlg 
i t  is I I I I .  11)  ;ill t l ~v  ;rl-r'a$, c . c , T l t . c . t i t ~ ~  rotlld be carried out only 
along it sonicrvl~:~~, rlarrww Ijnntl or1 1 1 i ~ *  \vc~r?ciccl sl<q>rs rrl the mountains from 
apprcrxin~;~tc.lv r l ~ r  loo0 t r j  :<jIlO I c i r ~ t  c l < ' \ . : l t i r t r ~ .  7-his I);tnd is referred to by 
Cklcr~tlen~iir~g (1!1!!1) ; ic  t : . l ~ ~ ~ ~ l . i s i i ~ ~  r I I C  . \rid Transition Zone (1000 to 1700 ft.) 
and the Humid Transition Zone (1700 to 3700 ft.) of Merriam. 

In  addition to the sites selected for large-srn lc. col lrrting, ot1ic1- :II ,V:I~ i r l  

neighbouririg budworn1 infestations were exarnil~crl ;111~1 ~.nllt-ctir~r~s n~:!clr 1~11cr.c- 
ever posible for parasite rearing. The  results oI>txinrd ;[I t ~ v o  o f  i l ~ c s r  ~)oi!lls 
are included in the present paper. One was I r~c ;~~r i l  a1 'resas C:~,ct.k ($11 r.llt+ 

rnountain slope east of the Fraser river, seven rnilr.\ r~rwlh nl' lit lo ale^. and rlic 
other was in Fountain Valley about five miles northwest of Lillooet. 

METHOIIS OF (;OLLEC?'ING 
'l'he general methods and ecluipnlcrit used 'in tlic co1lec;~ing and rearing of 

ille budworn1 aiitl its parasites have been essentially [lie sarne as described ill a 
previous paper by Wilkes (1946). During the 1946 season sonle changes were 
made in the method used for removing the budworrn larvae from the trees, and 
in the use of large cloth mats spread on the ,qound below the trees. An outline 
of the technique used that year has been given by Coppel (1946). 
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111 additioi~ to L J I ~  la~ge-scale collections ~ r ~ a d e  each day t l i ro~~ghout  tlie 1)eak 
pcriod of budworut develol)~rier~t ill the field for transler of the parasiles to 
Eastern Canada, special collections were made in  order t:) obtain rnore pre- 
cise inforniation on the rlunlber of species and their abundance in the various 
localities. 'I'liese collections were made at regular seven-day intervals, begin- 
ning at about the thirtl sLage of larval development and were continued until 
the ir~oths began to erricrge. ' l h e  ~liost complete records of this type were ob- 
tained at McLearl and Mission Mountains. In these areas the special collections 
were made on the sarne day at  each of three elevations, i.e. 1000, 2000 and 3000 
feet. Each collcctiori was then segregated into two groups representing thaw 
collected as larvae and those collected as pupae. Approximately ten per cent. 
of each tollection was placed directly into preserving fluid and set aside for 
dis~ection. 'I'hese were used to obtain i~n~natui-e  atages of the parasites and 
to provide additional iriforlnation on the ;tbundance of the various species. ?'he 
remainder were placed individually into vials and reared for parasite emer- 
gence at a temporary field laboratory set up  for this purpose at Lillooet. 
-411 the adult ernergents were pinned and recorded on special emergence 
cards. . i t  the end of the season the remainder of  the collections were trans- 
ferred to Belleville where incubation was conipleted and the parasites were 
identified. 

P.iK.\Sl'l'ES KE.-\KEl) I)U Kl  KG ' I 'HE L'KESENT S 1 ' U  

I>uring the course of the present work 45 spet:ies of parasites aitd one pre- 
dator were reared horn the collections of C. fumiferalra. I t  will be noted in the 
list given below that 18 species recorded here have not been previously reportetl 
while 19 of the species previoosly recorded were not reared from budworrrl i r i  

the present study. Eleven of the latter species, Isel-opus coelebs, reported fi-or11 
Maine by Iohnson (1927), Ascogaster sp., Hypopteromalus  sp., Arnhlymerzls sp., 
and ~ u l o p h u s  sp. recorded by Brown (1941) from the Forest Insect Survey in 
Eastern Canada and Scanzbzls alboricta, Scarnbz~s sp., Pirnploptel-us sp., Rogas sp., 
Copido.voma sp., and E7zqyrlinae8 sp., reported by Wilkes and Anderson, (1947) , 
were recorded from blrdworm collected i n  the east and it is, therefore, possible 
that localities covered in this study do not. come within the area of their present 
distribution. This nlay also he true of five other species, Itojdectis atrocoxalis, 
it,oplectis quudricingulatis,  Coccygornir,zus sarzjiuineipes and Scarnhz~s atrocoxalis 
reported by Bedard (1938) from Idaho and Microgaster- sp. reported by Mills 
(1942) from Montana, although in these cases the distances involved are riot 
nearly so grea;. I t  is quite likely  hat the Itoplectis sp. recorded from B.C. by 
Tothill (1923) is the same as l toplect is  obesus listed in the present work. Or1 
the other hand, 1Mesochol.us diuersicolor reported as being recovered from C. 
fumifel-arlae cc!lected in  Quebec and British Columbia by Hewitt (1913) was 
not reared from this host during the present study in British Columbia. The  
representatives of the two genera, Horogenes and Bracon from R.C. referred to 
by Coppel (1946) are in all probabilitv the same as the two species H. c,ucoeciac 
ir11t1 Bl.cxco?~ near f io l i t i~~entr i s  listed in  the present work. 

'I'he following is a list ol' the parasites reared fro111 C. fumiferauu during the, 

present study. Where it is known. reference is made to the status of the para- 
sites, i.e. whether primary (P) or hyperparasite (H) , and the stage of the host 
attacked in the case of the primary species. 
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I .SXX I HE CANADIAN ENTOMOLOGIST 

HYMENOPTEKA Status 

1 

Ocra~ioi~;illv ? I V ~ ) ~ : I . ~ > ; I S ; I ~ ~ L ~ ~  1 1 1 1  

Plzytodietus fu~niferanae 
Scambus hispae (Harr.) 

E s .  Glyfita and Pl~ytodie i~is  
Theror~ia atalantae (Poda) 

I'ryphoniaae: 
Phytotliettrs frrrrzifer-u7~ar Rohw. 

Cryptinae: 
Gelis tenellus (Say) 

*Otacustes crassers crassl.ls (l'rov.) 
Phaeogeninae: 

* A m  blyteles sp. 
Phaeogenes knriolus (Cress.) 

*Pleroc~o~.rrius t~~rclax (Cress.) 
*Pterocorrn us lrzdtlax (Cress.) 

Lissonolinae: 
Glypta ftimiferciriae (Vier.) 

Mesoleiinae: 
*Elrcel-o.~ probably thoraciczis (Cress.) H. 

ex Phytodietus sp. 
Metopiinae. 

"Exochus sp. 
Ol~hioninae: 

*Cumpofilex probably -oalidus (Cress.) 
IJorogenes caco~cine (Vier.) P. 

*L2abrorychzis sp. 
Mesochorinae: 

Mesochorus sp. H. 
Ex Glyptci, Phytodietus and 
APanteles. 

B~ .~ lcon  near fiolitiventris (Ct~sll.) 
*n/Icteorzrs hyfihantricle Rly. 
Meteorus trachynotus Vier. 

C;lialcitfidac. 
(~l~;~l(-i(Iiriae: 

S~ilocliulcis S ~ J .  

Ex Glypla and clfiut~teles 
'I'ory rninae: 

"Mo~iodontommzis montivagii.~ Ashrri. 
*Monodontomerus probably subobso. 

letzrs Gahan 

I 1 ' 3  

Stage attacked 

1' u \'a" 
l'upae 
Y upae 
Pupae 

Early slage 
pupae. 

1 s t  a ~ l d  211d 
stage larvae 

1st and 2nd 
stage larvae 

P. 1st and Yrld 
stage larvae 

P. Larvae 
P. 
P. 4th stage 

larvae 
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l'tcroniali~~ae: 
Arnblyrnel.zls ~ ~ e ~ d i t e ? .  (Nort.) 

Ex Phytodietz~s 
*HaDrocytus pli,ycidis Bshln. 

Eulophinae: 
*Telr.asticll us sp. 

l 'richopanlminae: 
T r i c h o , ~ r c ~ m m o  trrilr~llr~nl 1<1\ 

1) 1 l'-l~El<'l 
Tachinitlac. 

A plornycr caesar (Ald.) 
Cel.o?na.c.ia c~,u~ic;audatu 7'11s. 
f ~ ~ ~ t t ~ ~ ~ o / ~ ~ t l I ~ ~ t i ~ ~ r ~ ~  i r t t e ~ , r ~ ~ p t t i  (Curr.) 
L\l/)ltt~ < r t  ~ [ ( r i  ?P.! (West.) 

* ; I ~ ~ ~ I I / I  { * ~ t t ~ i f r  . v t ~ t  ! I  d e u i i  (I~Vill.) 
.\'~ttt oi . i / l { t  j t7 , \1 (>  (ItVlk.) 
Onlotornc~ fu?/zifrl.ar~ae (71'ot.)  

* 1'ho~r)cerc~ e~er.tcc Coq. 

PAoj ot e1.m i r l c  ra.r.sutcc Sn~i t l i  I' 
*Pltor.ocel.rc to,) lg.ic.i.s Coy. I' 

l ' l r r l~~c  /)r,t.osc,rrsi,\ . ('l'ns.) I*.  
Sarc.ol>tlagidae. 

Psottdosci~ t O / I / I I L , ~ ( L  [ i f  fin is (Fall.) 1'. 

Larvae 
Larvae 
Larvae 
Larvae 
Larvae 
Larvae 
Larvae 
Larvae and 
early stage 
pupae 
Larvae 

Larvae arid 
pupae 

Sarc .o~/~a ,g i '~  sl) .  
l'horid;~e. 

*iMr,~usc,licl sf,. 
illusciclae. 

* ~ V I I / A ( ~ I I O  ,stul~z~l(~11,s [:all. 
1'vol)al)ly a >cavcngcr or) latt. larva? 
ant1 p n p ~ c  

(~OLE:OI'~I'ElI.-\ 
Cleridae. 

"Hydrroc.rru lrco~itez \Val(. 
Pvedator on late larvae. 

+Not ~>reviously recorded as r~arasitc\ 
or ~Iredators of C. fzlmifer(llru. 

KEI,.\r7'I\'E .I\K1; N l):\N(.;E OF ?'HE PAKASIl'ES 
01) 1111' I);lsiri 4 1 1  11113 1 3 , ( ~ . l i  ( I O R C  I I ~  to the present it is somewhat hazar- 

dfru\ lo nrtcnlpt to 1JI.csc.n t ~ t ; l ~ i ~ t i t - h  on the degree of parasitism by the 
rlilfrlhcii t par;is; I t: \act ic,s. I n orrlc.r ro give reliable values in conventiorial 
tcrl)lh 0 1 '  Ilcrccnt  ax^ ~~:ri-;is it is1  I r>l~st-r.va I ions must l~r. n~:~tli. orcr a long pe- 
riod ( 1 I '  tirnr itrlrl ti.orr\ a I;II.XI' I N L ~ ~ , O I : I .  of collections A ; ( ~ I ~ ~ ~ - t : ( I  at all stages 
I I l o  I I I I the field. l ' h i s  ir; ~);ir~ir.ularly true 
1 t I S .  it^. 1 1 1  ;irItfition, r e a r i ~ r ~  r h i ~  hpecics in the la- 
I I I i l l i c ~ ~  i r .  Mortality is usually high, thus 
i~lrrocl~ l c i n ~  a r)ol !~c r  I;lc.tor nl I I - I .  More precise information on pa- 
ras itisn~ n~ i ~ l i r  I)c n l > t ; ~ i ~ ~ r t l  131 cl issertiorl of the hosts soon after the collec- 
l io~ls are r~!;ltlc.. :\I t l~c  ~ire.;c~lr tir~~c. however, very little is known regard- 
ing  ~lbe l i ~ p - l ~ i s r t ~ ~ u  (ti  nl:rll! ul t.llt. parasites and therefore the various 
sljcciec; canrlnr I)c jdciiril'icrl will1 any degree of certainty by an examination 
nf the ir.imature srazrh. 111 vie-rc 01  these considerations the statistics on 
parasitism cannot be regarded as absolute values and indeed it must be kept 
in mind that in sollle cases they mav be somewhat misleading. 
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In view o i  these qualiiying reservations thc abundance ol the para- 
sites as presented here can only be takcil :~s ari ;~pl~rnxi~rratc g ~ ~ i c l t ,  111 the 
numerical status of the parasites in tltc. liclrl, csr,c>1)1 i l l  OIIP area ar hfl. 
McLean, where the study was carried orit lor a lo r i~r r  ~.letior! ant1 in ~ ( 1 1 1 -  

siderably more detail than at other pcjirli~. Ti1 trttrst r ~ f  lllr arcits under 
study the work was conducted each ~ ~ ; I S I H ' I  101. ;1 ~ ~ t i i t ~ l ~ e r  01 yeal-s a~irl in 
soille, the seasonal collections amountetl 1 { 1 :11 uu  r s ~  r>Ol l.uo0 i i  1 r l i 1  irlu zrls. Nrlrcl-- 
theless, only a small proportion of t 1 1 ~  ~ o t a J  ~) i~ t i t t~ ( . r  c:ollet,tc.(l wa.5 taken 
over the entire period of budworm t l~~~r. lol~!rrc~l t .  111 \-ic~%. ot tltc-w (lilfer- 
ences in metl~uds of collecting the rc.r-c~l.tl ol' I ) ; L I ; I S ~ ~ ~ ~ I I I  ; IS s l i o ~ v ~ ~  in ~allli:s 
1 and 2 are listed under two headings. 111  O I I ( > .  ~.c~l'cri-t.ri tu ;is "q~ecial col- 
~ : c ~ ~ I ~ I I s ' . ,  t11c l ) t t t ! ~ \ ~ ~ i . ~ ~ , ~  T V C : ~ ~  ~ : L I J ) C ~ C ( I  ~ \ T I I - ( I : I ~  I I I ~ , c ~ T , ; ~ I ~  I?c~it~ni~-!g at 
tht:  ~ l ~ i r t l  st;tg:.t. 01 la~-\:;iI dc~~vitr~~rrlcnt ;~ltd t r r~r t i l~ t~ t t l  I I ) I . ~ ~ \ ~ ~ I I I , L I I  I . I I ( ~  f ~ l l  
c i ~ c l  ' c 1 1 1 r t  I I i 7 1 i ~  I rillci-. ~.t!lcr.i-r.tl r 1 8  ; I \  "lrtasr c r d -  
Jct~iurts", tt8;is ~ a ~ l ~ t ~ t x l  l:irpsl~ t l t ~ t , i t q  i l~t.  Iatr l i~ t - \ - i%L :LIKI f~i1pa1 ht;tg~=s ; I I I C ~ .  

I'ur llbc I I I O . ; ~  1hal.r. 1r~11r.n t h t ~  ~ ) t r l ) u l a  t i r r r l  t,I I llr.>c~ sla2r:c was ; I !  a ~ n a r i n ~ r ~ t ~ ~ .  
T h u  Inits5 co1lrc:tiurtr ~,!-r)\.idt.cl I I ;  I 1 I - I  tri~tihi'er OI (,KT 

t:1i11 s~~ccics  t>L j ~ ~ r ; ~ \ i i c s  ( 4 ,  E;+\TcI,I~ C:i~li~d:i [ r , t ( l , -  11' ilkc\ l!jU!i) . '1~11~1s. tile 
rpcti;~l ~ o l l ~ c r i u i ~ i  3Ithol1,qil the\ i)rc~~'i(lt- 1 ~ ~ ~ 1 i ; i I ) l t ~  0;11;( 011 Z I I C  S I J C ' ( : ~ C S  ;~tt:ick- 
ir~fi ; I I I  stages I J I  ~11c ~ I I I ~ \ \ ~ I ) T . ) I I .  ;ISC S ~ ) I I I C M ~ ~ ; L ~  5111;111 i l l  I I ~ I I I I ~ ) C I - .  W I I I ~ P  I I W  
Ir1;iss ( : o ! l i ~ [ i t ~ n 5  :!re ~ ~ ~ t i r ~ c r i c : ~ l l ~  !;ircc t ~ i i i  I I O I  i t ~c l~~<I t -  5oi11{: o l  the l>:cra. 
site species which emerge from the ~ ~ { I ~ v ~ I I - I I I  clul,iirg il.; c ;~ r l i~ t .  l;li-\,nl 5tagc.s 
of development. '17hroughou t the work c.ol~\ir lcr;t I l l  t. L.;II-(* j1.a c x e ~ r  iw-r I i l l  

the identification of the host insects collected ancl therefore the parasites 
which emerged after rearing provide a clefinite record of the species para- 
sitizing C .  fumiferana in the areas under study. 

An indication of tlie extent o) ~mt.;rsiris,rt ; I I I ~ !  ;r l i r ~  01 rllr ~lrec.it's 
involved in regulating the abundance OI (;. r r ? , ,  ifrr n t l t r  in ~ h c .  T .i l l ~ ~ o r t  arts;( 
of British Columbia may be obtaincrl In art t.s:i l i i i t i :~t ion ol the t,ccortls 
shown in table 1 and 2. In  both taljluh t11c t1rip-c ol l~;~rasiiis~ri is ~ 1 c . u -  
lated as a percentage of the total n u n ~ l ~ c r  0 1 '  I)~ttl~t:oi-in 1)lac-etl i l l  warillg. 
Whether or not an equal proportion oI ~~;~r ; th i~ i~c . r l  ;1nt1 itnp:~ra.sirizctI t ~ ~ t l -  
worm died in rearing is unknown. It i:; ;~sci~i~lcrl i r i  I ~ I C  Ili.rl;vi)t stnrlv 171al 
mortality was the same in both. These provide an approxirrlate nleasure 
of the percentages of the pest that  are destroyed by each of the parasite 
species with the exception of the parasites attacking the eggs. 

During 1946 and 1947 a number ot collections of C. fumzfern~~a egg- 
clusters was rnade and reared for th(e ~lt~rl)o\c' 01 dctrl-mining the impor- 
tance ot egg parasites. These ronsihrrcl of thl.rc. r.c~llt.rtions made on Mt. 
McLean in 1946 and 1947 and orw i t ]  Foiint;~in \'allcv in 1947. I n  each 
case the eggs were taken from l t .cr5 svlcctril ; ~ t  ~ ; ~ r ~ r l < ~ n l  throughout the in- 
festations. From these the onlr ~xr~as i te  reared was the chalcid, Tricho- 
gramma minutum Rly. The  degree of parasitism by this species is shown 
in table 3. 

Table 3. l'riclzogramrna minutum reared from C. fumiferuna collected at 
Mt. McLean and Fountain Valley, B.C. 

Locality 
Mt. LMcLea~~ 
1Mt. McLeall 
Fountain Vallel- 

Sumber Number Percentage I'erceu tagt: 
of egg- of egg- of egg- 

clusters clusters clusters 
1'e;r). reared parasitiretl parasitizetl parasitizetl 
I 9% 2000 0.60 0.03 
1945 395 1 3  l2 10.89 0.99 
194'7 I617 13 0.80 0.12 

I t  will be noted in the table that parasitism of C. fumiferana eggs 
in both the areas under btudy was quite low. 
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Special Collections Kel;iti~ e Mass C:ollections 
abudance 

1943 1044 1945 1916 1947 19~&3- 1917 1944 1945 1946 

~14eteorus hypltanlriae 
hficrobracon near politiveiztris 

Chalcididae 
Amblymerus verditer 
Habrocytus Phycidis 
Monodontornerz~s montivagus 
Moizodmtomerus probably suhoOsoletus 
Tetrastichus sp. 
Undeterminetl llyinenopterous larvae 

DIPTERA 

Tachinidae 
Aplomya caesar 
Ceromasia auricaz~data 
Gy mnophthalma interrupts 
Lyplta setifacies 
Madremyia sau~ldersii 
Nrmorilla pyste 
Omotoma fumiferanae 
Phorocera erecta 
Phorocera incrassata 
Phorocera tortricis 
Ph y x e  pecosensis 

Sarcophagidae 
/'.rerrdosr~?cophrcga affinis 
Snrrnplrngn \p. 
l:n~lthteril~ineri sarcophagid larvae 

Xluscidae 
hluscirza Stahulans 
Undetermined Diptera 

Total parasitism 
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Although complete records on the number of eggs in each cluster and 
the number of eggs parasitized could not be made, representative samples 
from each collection were examined in detail and from these it was found 
that less than 1 per cent of the eggs were parasitized by T. minutum.  
Even at Mt. McLean in 1g47 where alrnost 11 per cent of the egg clusters 
were parasitized, on the average only 52.3 per cent of the eggs in the clus- 
ters were attacked. The  number of eggs per egg-cluster varied -from 10 to 
80 with a mean of 35. The  :Iva.agrL n~~tnljrb~, o l  parasites per egg-cluster 
was 47.5 and the sex-ratio was #()..-I pcr r rnt  lelnalcs. Thus it was calctl- 
lated that an average of 2.1 paracitt?~  TI^^^-(' 1)ro11~1ced per parasitized egg. 
This low degree of parasitism i s  S O I T I C I C I I ~ L ~  5111.prising iri view of Hewitt's 
(1912) rec01-G o i  43 per cent egg parasitism at Esquimault, B.C. in 1911. 

l ' h e  curcn t o t  /);I> a~i t i~111  i n  thc other stages o f  de~eloprnent (larvae 
ant! 1~11)ar) II) . I \  Ijc s r c n  i r ~  tabips I ; ~ n c l  2. Of the 45 species of parasites 
li\tr.tl, I lo~i-r~er .  o n l t  27 rvel-c Iouiirl I ron1 the rearing records obtained in 
I h~ Ilrehcnr < I L I ~ I T  10 J J I  il11i111 1111 C. fumtferana, 7 were known to be 
I I \ ~ ) C ~ ~ ~ I . ~ C ~ I P I .  ; I B I < !  tlte ~ h l r  (>I I 1  I C  as yet unknown. This is shown in 
tabulated forni in table 4. The  last group is relatively urlin~portant trorn 
the standpoinl of control since only a few specinlens were taken, often not 
more than one individual of a species, even from the very large collections. 

7'al)le 4. The  r81e of the difierent species of parasites atlacking C. fli?lti- 
fernnn. 

Stage of host 
attacked 

E ~ R S  
Overwinlering 1l;lrv;ic 
3rd stage to to11at111c 1;lrvac 
Pupae 
Unknown 
Totals 

Number of 
parasite St;lltrs as a parasitc 
species I'ri~nary Hy l>crl,;cl.asi lc I Jr~knoxvn 

1 1 
3 :: 

1 li 15 1 
5 5 

20 3 li 1 1  
4 5 27 7 11  

Of the parasites known to be primary, by iar the greatest propor- 
tion (about 75 per cent) attack the larval stages of the host and to a 
large extent (luring the later slages of development. Only three species, 
(;lvpla fzilnife?c~?ic~e, Aj1clntr1e.s f~imzt~r.nnne arid Horogeiies cacoecine parasi- 
:izc early stage C. fz~nzifel-~~n/r la~.vac. Tllesc tlcposit their eggs in the host 
!arvac soon after eclosiori a ~ i d  renlain within tllc host during tlial~ause 1111til 
r.lw following spring. 'The aclults usually einerge before conipletion ol thc 
host's fifth larval stadium and thus some of these species may not be reared 
Erorn the collectioris if they are gathered late in the season. With the ex- 
ception of T. minutzlm, the remainder of the rnore abundant prirnary para- 
sites attack the late larval and pupal stagcs of the host. Only three (I2 
per cent )of  the more abundant sr~ecies, I5$l~ialtes ontario, Phaeogenes ha- 
riolus and Ztop'ectis obesus parasitize the pupae. Although both Phoroce~n 
erecla and Pseudosarcophaga offinis have been observed on occasions to 1x1- 
rasitize newly forrned pupae, they appear to prefer fully mature larvae. 

I t  is apparent from inspection of the ~ables that the overall control- 
ling effect of the parasites on all stages of the host combined was rela- 
tively high. Frorn the rearing records shown in tables 1 and 2 it may be 
seen that in some localities up  to almost 40 per cent of the budwornl col- 
lected were parasitized. In  the older infestations at Mt. McLean, Missiol~ 
Mountain and MacGillivray Falls the percentage parasitism was noticeably 
higher than at either Texas Creek or Fonntain Valley where the infesta- 
lions first appeared in noticeable numbers in 1946. At Mt. Mc1,ean (tahlc 
1) parasitism has remained at much the same level of 26 per cent during 
the past f d ~ r  years with the exception of 1946 when it  dropped to 18 
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per cent. I n  tables 1 and 2 comparable values for total parasitism nlay be 
obtained by adding to the irlass collection the percentage parasitisnls oT the 
three species no[ recorded in the mass c:ollec~ions, namely, Glypta fumifera- 
*me, l'lrytodietus funziferanae and Apanteles fumiferanae. From the special 
collections of the corresponding years at Fountain Valley, where mass col- 
lecting was possible for the first time in 1947, total parasitism based on the 
rearing of over 400,000 budworm but exclusive of Glypta  and Phytodietus 
was just over 10 per cent. I n  this area Pseudosarcophaga affinis was by far 
the most abundant species present. 

From the figures shown in the tables it is clear that not all the pa- 
rasite species taken in the present study are ol significant importance as 
factors of control. Of the 45 species recorded only 15 appear to be domi- 
llarlt i i ~  the parasite complex. These are listed in their relative order of 
importance as follows. I n  each case the species name is followed by ail 
indicaticin ol their relative percentage parasilisnl (see table 1) . 

Glypla fz~miferar~ae 5.18 
Phytodietzts fumiferanac 3.83 
Ornotoma fumiferanae 2.41 
C:erornasia a,uricaudato 2.06 
Lypha  setifacies 1.32 
Ephialtes ontario 1.95 
Psezidosarcophaga~ affinis 1.63 
Phorocera incrassata 1.10 
Trichogramma minuturn  0.99 
Apanteles fumiferanae 0.79 
Phaeogelzes hariolus 0.70 
Madrerr~yia sazindersii 0.65 
Phorocera erecta 0.33 
Ztoplectis obesus 0.32 
Phryxe pecose7lsi.c 0.27 

Most of the others were either hyperparasitic or of infrequent or ca- 
sual occurrence in the native parasite fauna of C. fumiferana in the Lil- 
looet area. 

Ext.e~~sivc co l lcc~io~~s  or tlic sl)l-~cc I)i~dworm, (:l~ori.rlone~rra f~~n~ifrrrancl 
were lrlade in the Lillooet area of British Columbia from 1943 to 1947 for 
the purpose of securing parasites for transfer to infested areas in Easter11 
Canada. I n  addition to the parasite species selected for liberation many 
others were reared which provided the basis for a study of the general 
parasite complex of C. funziferana in this area. 

I n  all, 45 species of primary and secondary parasites and one coleop- 
teran predator were reared from the collections. Eighteen of these have not 
previously been reported in the literature as parasites of C. fumiferana arid 
nineteen species previously recorded were not taken during the current stu- 
(lies. A list is given of the parasite species recorded in the literature from 
this host previous to the present work. 

Of the 27 primary species, the majority attack the host larvae. T r i -  
clrograrrima rnznutum was the only egg parasite reared and it was never 
very abundant. Over-wintering larvae were parasitized only by Glypta furni- 
feranas, Almnteles fumiferanae and Horogenes cacoeciae. Fifteen species at- 
tack the larvae during their later stages of developnlent and in most cases 
reniain within the host until after it has pupated. Five species parasiti~e 
pupae. The  stage of the host attacked by three species is unknown. 
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Only 15 of the total number of species taken appeared to be domi- 
nant in the parasite complex and are considered of significant importance 
as factors o l  control. Most of the others were either hyperparasitic or of 
infrequent or casual occurrence in the native parasite fauna of C. fumifel-- 
ant1 in the Lillooet area. \ 

The  overall controlling effect of parasites in all stages of the host's 
development combined was high. I n  some years over 40 per cent of the 
hudworm collected were parasitized. In the older infestations parasitism all- 
peared to 1)e definitely higher th;an in the more recent ones. 
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"The Spider Book - A  Manual for the Study of Spiders and their Near Re- 
latives, the Scorpions, Pseudo-scorpions, Whip-scorpions, Harvestmen, and 

I other Members of the Class Arachnida, Found in America North of Mexi- 
co, with Analytical Keys for their Classification and Popular Accounts of 

I their Habits" by John Henry Cornstock. Revised and edited by J. W. 
I Gertsch. 729 pages, 770 figures. Comstock Publishing Company, Inc., 

Ithaca, New York. 1948. $6.00. 

The  Spider Book has been out of print for a number of years. Ori- 
ginally published in 1912, it has served as an excellent introduction to the 
study of the Arachnids, the spiders in particular. Primarily1 adapted for 
student use, it has proven a useful reference for teachers and arrachnologists. 

The  author of this revision, 1. W. Gertsch, Ph.D., Associate Curator, 
Department of Entomology, American Museum of Natural History, is a 
well-known arachnologist, well qualified to undertake the revision. No radi- 
cal departures in form or scope from the original edition have been intro- 
duced. Controversial topics have been avoided. The  sections on classifica- 
tion have been revised to bring the text matter into line with present 
knowledge of genera and species. The  manual does not make reference to 
?very species and to every genus occurring in America north of Mexico, as 
this would be incompatible with the purpose of the manual. 

This volume should meet the  present day needs of student arach- 
nologists, as well as serving as a handy reference For teachers and entomologists in 
general. 
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